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(54) Multi-layer ceramic package 
for semiconductor chip - . ( 

<*-■■ t!0'.; l t l 

(57) In a multi-layer ceYamic pack- 
age wherein a plurality qfcerarnic 
...laminates .each has a conductive 
'.pattern, ^and wherein -there is an 
internal, cavity of the package within " 
iwhicrnjs bonded a chip or a plural- 
ity of qhips interconnected to form 

- a chip array, the. chip or ch ip array 
■ji(-16) is^connected^ through short A 
*yyire bounds (42) aY varying laminate 

levels each having metalized con- 
duct iye, patterns thereon, and the 
r j conductive patterns on the respec- 

- tive~laminate„layjgrs are intercon- 
nected ;either by tg/inejropenings 

~ (32) '.fitle.cLw.iiK metajj.zed^materi^ 
or by !V edge formed m^etalizq tions , 
(34)..so. that. the conductiye patterns'' 
.^ultimately connect tp { a ^rju.mber of t 
pads.at-tbe.unders.urfe 
ceramic package when mounted on 



to a metalized board. There is 
achieved a high component density, 
but. hecause.the connecting wire 
fe a ds ;t are ? "staggered" or connected 
at alternating points at package 
levels, it is' possible to maintain a 
1 0 'mil. spacing and 10 mil size of 
the wire bond' lands. ] 
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SPECIFICATION 

Multi-layer ceramic package r \ \ i? 

5" In the packaging of interconnected chip or 
chip arrays, wire bondings from the chip or 
chip array, particularly where there is a high 
component density, or where bonding pads 
on chips are closely spaced, are excessively 
10 crowded, so that there is a real danger that 
the wire bonds will come into too close prox- 
imity with each other and present a serious 
difficulty in maintaining required spacing for 
the wires and the bonding lands. This is \ 
15 because the conductive patterns converge t 
upon the chips from the printed metalized r 
patterns provided on the single ceramic lami- [ 
nate. The result is overcrowding of the wire ^ 
conductors or bondings. However, the trend r 

20 in multiple circuit chip structures is toward 

even greater component density, and the con- r 
ductive patterns on the ceramic package must 1 : 
nevertheless be wire bonded to the chips of 
the array. ' 

25 1 Thus, the \echnbT6gy'tren\i; headed as it is 
tloward even L "gVea ten. xiompbhent density, pre- 
- sents" serious and thus fa"r unsolved problems 
pf how to achjeve the necessary rjin outs, 
from c .L$i\ arrays through^wtfe-bondings tajhe 

30 rnetalizjad conductive patterned while still 

rnaiqtaining an industry imposed standard of , 
jfO ^il ! spa|cings for the pin out wire bonds. 
? It is ari object of the invention to provide a 
solutibriitolitHisiproblem. . 

35 / |n accordance with one aspect -of the pre- 
sent inventicVi,' there is provided $ high com- 
ponent density, muttwlayer chip carrier in 
which wire bonds arejbonnected,to a single 
chip or to chips interconnected in a chip 

40 array, with the wire bondings then disposed 
for pin-outs at alternately different layers in 
the ceramic pa<tk%ge, thus achieving greater 
clearance for the respective wire bonds and 
wire bonding lands. . ± ^ 

45 The present-invention makes it passible to 
. increase the. density of an interconnected : .L§ I 
chip' array wmle'at the same time prbvicJihg- ^ 
the'necessary pin outputs for wire tsoridings • - ; 
leading to such array and whHe.maintaining 

50 the requisite 10 mil spacing and ^O. rhil width 
of metalized wire bonding lands. v >:^ , - 
J in accordance with a further feature- of the 
indention, there is provided an .interconnected 
: chip array-disposed witFirn. a cavity. of a multi- 

55 layer ^erarnic^ package, in which the'wire 
bonds are j successively secured between the 
chip array at one end and to different Revels of 
a multi-layer ceramic packaged the other f. 
end. The respective levels of the ceramic * 

60 package are individually metalized for a parti- 
cular conductive pattern, and the patterns are 
connected through either or both of metalized 
connections in the form of "tunneled. .J [ *i 
through" openings from one layer to the other 

65 edge metalizations so that the respective con-. 



ductive patterns are connected, leading ulti- . 
mately to a series of pads at the undersurface 
of the ceramic package. 

Generally, therefore, the present invention 
70 provides a multi-layer ceramic package having 
various level laminates each with a particular 
conductive pattern, the patterns on the re- 
spective layers being connected by either tun- 
I meled fthfaugh' qr< edge metalization bonding, 
1 75 or both. Various'pm outs^from a central dis- 
posed interconnected chip^array, disposed 
within a cavity are connected through wire 
bonds with said patterns, vyhile maintaining an 
- appropriate spacing one relative to the other. 
'80 According to another aspect of the present 
! invention; there is provided a method for 
producing a high component density multi- 
layer chip carrier, compr ; isi-ng the steps of 
forming a first chip carrier f layer adapted to 
s 85 receive at least one chipt thereon, and at least 
one additip]ia! layer, forming pin-out conduc- 
J i tiV9 c^0l"® G jr on ^y^' tn saic * cni P' forming met- 
" alized conductor" patns on said respective lay- 
ers, and-iorming wire connections from said 
90 chip alternating between staggered paths re- 
spectively formed on the differing levels of 
said layerst ' H " 

Further features of the present invention 
will become apparent from a consideration of 
95 the following description which proceeds with 
reference to the accompanying drawings in 
which selected example embodiments are il- 
lustrated by way of example and not by way 
of limitation. 
100 In the accompanying drawinigs:- 

Figure 1 is an isometric exploded view 
illustrating a multi-layer ceramic package, with 
a printed circuit board at the lower portion 
and a combination ring and cover at the 
105 upper portion which seals an internal cavity in 
the ceramic package for receiving a chip ar- 
ray; 

Figure 2 is an isometric detail view of a 
multi-layer ceramic package with the ring and 
1 1 0 cover removed; 

Figure 3 is a cross sectional view taken on 
[ "* line 3-^3 of. Fig. 2 showing the metalized 

edges, tunnels, and wire bond-pattern connec- 
* < tions betweenjhe chip array and the various 
1 1 Vlevels of the multi-jay er ceramic package; 

Figure 4 is the undersurface of the base 
XV. layer of the ceramic package to be mounted 
-to the metalrz'ed board; 
^■ Figure 4A is the upper surface of the base 
120 Mayer of the ceramic package and is the oppo- 
: site face to that of Fig. 4; and 

Figured 5 is an enlarged detail view of the 
ball bond and wedge leads of the wire be- 
tween the chip array at one wire end and a 
-.125 respective layer of the ceramic package at the 
" ' other wire end. 

Referring to Fig. 1, a multi-layer ceramic 
package designated generally by reference nu- 
meral 10 includes multi-layers of ceramic sub- 
130 strate including a base layer 12, intermediate 
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layer 14 on which is mounted an intercon- nating between layers 14 and 18: 

nected chip array 1 6, an upper frame layer to !i M nObviqusly. there can, be .more! than two = 
18, a'ring; layer 20, and a c6ver layer 22. The o if i valternating. layers; three,. four or even more 
multi-layer ceramic package as a whole is cmn o - layers: forj' alternate wire binding are contem- 
:I 5 mounted on a metalized board 24. tl v i7Q,platecL, However, .the basic :concep ( t,. generally, 

The base layer 1 2, intermediate layer 14, :: , ;is. that.by.coupling the wire' bonds between 
and frame layer 1 ! 8 each has a printed con- , r o ): jtbe ceRtraljy disposed high density/chip array, 
s ' du'ctive pattern illustrated by reference nu- • . :-. f n .and, alternately differing level.s' of the metal- 

\ nieral 26 in the 'base layer 1 2/ by reference , . ?, ized lay.ers, ; it is possible to increase the 
MO numeral 28 in the intermediate' layer, and by rj£ number of, wire bonds an'd' thus' r achieve the 
: "' : reference numeral 30 for the, frame layer 18. r: desired centrally disposed component, density 
The particular patt3rn**of : these conductive . r " .while in no way compromising the necessary 

0 meializatiorr paths is no't a part of the present s T < 1; l0.mil spacing for the conductive-patterns. 

"> ' invention. ^Howeveiv it is contemplated that, :• .,- ,yyith,regard to manufacture^the'wire bonds 

1 5 ,r pribr to assembly-/ the "green': or unfused 8,0 between.the central array and the conductive 
] --' '^ ceramic substrates* have formecHhereo'n the , rvV , , patterns a.t.the yanpus levels make appropn- 

!f 'conductive patterns which are. then -matched ate connections from layer-to-layer as de- 

' 'together and' electrically eonnectednhrough , - : scribed, either through tunnels/ 32 or edge 

r i>: connections' leading ultimately' to pads 33 on i v, r; . metalizations 34 (Figs. 3 and 4a;>ll of which 
"20 th^undersUrface 31 (fig; 4) of .the', base layer .,.,„8!5 ultimately lead 'to, the base layer i '2' and 
" Ci i2;for the* metalized <board-'24; .?;■>■> : , > r ^.underlying pads 33 ? which^ are then bonded to 

! Ji TKe cdhductive patterns'are. communicated , appropriate locatjon metal- 

'-^one layer with the- next;- in one instance =. Jzed board 2'4^T!?e Jamiriants may' typically 

> ; ^■W6ugh 1 - ,, turinets''' 32 (Fig, 3) which are in ^, ti .', ^consist of aluminum inert 
v 25 the form of verticakthrou9'hiopenings filled t - ;90 substrate! .materials 1 , which, as staged previ- 
. ' '! wrtfv'rnetalizafibrv, and which-cohnect the con- t .,-> v>1 ^cusly^are. green at the^irrie'the metal izations, 
; - duCtive 1 patterns of brie layer .to-rthe. next. In K tunnel ahd v edge metalizatio^ 

0 'another' instance 1 the -'conductive: patterns of v thereon.. ... y i>( ' , 

the respective laminates, are connected \\;, ^-7^ Jhe[|ayer ; s f havin^ the 
' 30 through Wdge'tnetalizations 34 (Fig. 3). » v 95 ririg gO^'an'd the|chjR;arraV v \6nce the chip 

' : ' :<i ' ' ' The -inferconne'cted^chip' array M 6 consists ;! iK , array, is f ixed j and .wire. bond irtgs 1 made r with 
of component LSI chips wh ich> are rcon nected ., :| ; / :) \ { . tr^ej centrally djsposed array; are. surmounted 
i- together: The dhips are iconnected by metali- with coyer ]ayer22: The package 8 as a whole 

r ' p r zation^nnted circuits constructed on the con- is next fired (seaied) and the final product 

35 "frontirig J 'su : rface J 6f intermediate layer, 1 4, and 100 mounted on to the metalized board ,24. 
''•••"irid'i'catea^by reference nutaeral ?3 6:- 0-01 The chip array is mounted .qn. the intprmedi- 

;; BMv^een 'the -chips, aridi to' obviate the ne-... 5 , : ^ ; :(l ate..layer. ii 1 4, and .the chips '4*0 of the 4'rray 
i; -^' ^cessitV'forthe'wire bondings to be connected. ;'.-^ fK are .communicated .chip-tO;chip through lands 
' ;r: frbrh'"a' chip' first'outwaridlyito the^periphery of ^ S ; M : ,'3 jB ( .pn> the., upper face of thej^ layer 
40 - the- package arid then* back* to another chip, ,1 f)$ ^4, . and other, layers as recjuired : '! 
' ! lV there can 'be'chip^to-chip* wire bondirig t ^pThej cl^ip, array, has wire bond connections 

through lands' 38 disposed between and sep- ;; rl .-. !) 42^9, the, metalized ceramic n cohdujctor pat- 
"' arating the' Chips' 40.- These ^wire^bonds are c fij i;f : ^j^terns, rpa,d.e ( .by |3or\dihfl\tHe;-ends^of the wire 
designated 'generally b^ -reference numeral Pi feopjds so.thaj ^.adjacent 1 wire s bonds are con- 

45\ ! 4^i Thete> thus provided theOiriterconnec- \ 1Q ; nected, irim jhe c^ip array ; tq alternating lev- 
f t tidns necessary if6 form a high^densfty inter-,o \r-<> -ci al^-jfl 'ib e . 'niuit^^ye^ceramic package: ^ 
- connected cht^array 'WhtohPhas spin out con- The packagers, a, .'whole' Is next, mounted on 

* ' hectibhs-to^rte^C'dnauctiv^l patterns at the v , iri the rr^etalized boa/|d ; 24 "sp'jthat the pads 33 at . 
" ,- respective la hi in at ion's 1, of the^ multilayer ce- u j o ! ;j t the .exterior surface, of the papkage are 
'50^ ra'mjc^adkage: 1 '' :. ; " [ ' ' ,j ' i nr;l ., Uj . t] § counted prs various terminal^ of the metalized 

' ' With the' 1 High component <densfty r dei : ••.» q r.-. , jip.ard paving . a^pre^etermined printed .circuit 
i ' i ' scVibei/'H'is ^h^lcult-to^'rh'airtfain 1 the- 1 0 mil t; ; 'hn t: . ^architecture and cpm^nentry. \ 

.spacing which is required for conductive pat- .rlt^hpuld be understood' $pt any required 

f3 7 'tefhk ; T&Ts''is , ' : achiciv , ed, 'iri iiccorliance with a • ■ - . , h.condu^tive pattern. f can,, .be -screened on to the 
55 feature^'f'the'preserit Invention, in the man- 1.2Q,surface of the respective layers of the multi- 

ner illuitrated in figs! 2 ; and 3. As shown in t' .= H layer ,qeramic package,, a j?d the copductive 
' these figWrfe's'; the wire b'orl'dsconverge upon-. • o ;c| pattern as, such,, i.e.^theipartipujar architecture 
M the chip afta'f Connected at one-end through a ,or : patterr> per, ,se, ; for e^arpple^as^jllustrated. 

ball bond 4'4'(Figv 5)Ho a chip'4'0 and at the r- .ii^.^oeSiQot form a. t part.pf tti$ present invention. 
60 other end thrbu'gh a wedge bortd 46 to a 1 25 It should be further emphasised that the 10 

conductive 1 pattern tin one or the other of the . r«: ivm.il .spacing js ; achievable, in the, present inven- 
intermediate'fayer 1 4 or frartielayer 1 8. In , . . , • ^tion.b.y reason of. connecting: ffst one wire 
' spite of the high density 'of LSI chip compo- ....^rjfrorn^heichiparfayto.a^i then 
nehtsand wire bonds, the 10-mil spacing of ; .-r; ^.alternating : the if wire bonds to .a second level, a 
'65 the dohductive patterns ^ maintained by alter- '1 ^Oithird leyel, ( ,a fqurth level! etc.^thereby provid- 
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,. vv: mg the means' for maintaining a'^O mil of ; 
: ' ; ' " conductive 1 patterns spacing *p spite- of the --<."■ 
1 inpr^ase^'component density'ahd 
" 1 cpn.vergihg Of such wires'. Quitle enviously, if 
5 l .the : l 6' mil spacing is not maintained as an 
industry standard, it is equally possible to 
' J * : ' ; , OD J tain ; an even higher component density with 
; either an agreed upon less than lO mil spac- 
: * : ; ihg and/or; less than ! T0 mil bonding lands. 
' !> 1b * / In'a'lfevents, the present invention provides 
! . . the.ppssibility of maximunl corftfcbrient den- 

^'"sityjWhNe maintaining] a 10 nrlil spacing, but is 
v ' ."equaUy applicable to whatever : bamponent " 
V de/isUy isj desired, while achieving'an inher- 

ently^ greater density for the respective wire « 

bonds../,, ,- ' / 1 . 

* „ Although the! present ihventfon has been n 
: '* ' ' illustrated and ,r desbrib l ea i in connection, with a" 
. , h !" single example Embodiment; it Wilh-b^'under^ *r 
. Mb stood tnat.triis is illusVrative'bf'the invention 

'•''"aria' is>y no mebh^restrictive'theVeof. For 
' ' . ' ^ exampfe/ instead of three cerarhtri layers of 



70 



or. i 



^he'muiti-iayer'ceVa^ ft' is possible r 

* to usejfeur/five, or any- humbUr desired to 
24 acrViev^ the desired cornbih^iph^f wire spac> l! 



ing, mufti-layering, and va'fibug'^r^ngements 
, for \he printed circuit network ; as;^ell as the 
' ^afcjitectureof irtf4rc^hnec<Sd f ch'ip array. All 
■' 1 T of these changes' are co'nlfemfbratetf 'afe part of 
I vv 3tf'the present Vnyehtion^^nd it rH mteVfded that 
i( ^7" l ;such vacations shall be jndlided Mthin the • 
' V/ scobe oTthe invention'^^ '5e 4 fine'd ! bV the 

* ■ , , ; " 1 c rri'e4hod ! 'for (jroducing^a' high compo--- ■• 

/ .^'neat compns- 1 -i 

' " !in ingthe steps' of forrnihg 'a first ""chip carrier - v<- 
layer adkpte% : \b'' receive a'f jeaSr dne chip m ■ 
"\ ! '■' , 40 t t^rpo^'and arieast'orie^ciditibnal layer, 

' J ,fprmYng 'pm-ou;t conductive connections with ■v-*- 
! ' V " J sWd chipi forrriirig' rrtetaiized cbHdi/ctor paths - ; - 
" '''on said respective' layers; 1 and- forming wire 
»r ir!U io-rihecti(3"h-i'fr6Wi spi'd r chip ! 'aHernaftin^ be- 
45 u tween staggered ^atris' respectively formed on -o 
.'V 1 '" J0 ^h ; e1i{ffere , ht , ^els t of sait/layWrs. ^ 
, £ //■'fhVmftrioa'i'rt accpVdahce^ith claim 
v;, ' : " 1 ,l %ct"u*Sin"g'trie1sfeps bf 'fdrrVfing^aid multi- 
' i; ' -* layers' of 'iridividually corripac^ed'cer^mrc parti- 
' : 1 :, 5 [ tf ,! cVes, and simbltWedusly frrin^'said compacted 

cerarnic 7 layers T fq sinter tHe particles and to .1-. 
r i, '" ' t/ bond L tri : e Vespecttve layers together. 
< ' M ' '^3. "The 'rri'ethbd rn' atcordance' with claim 1 1; 
: ^Vr , claim t '2, r 'ihtiudfng IHh step ,f crf^isf36sing a 
.55 ' ring a'nd"6over at 'the up^er end of said multi- 1 
!i ''la^ersVahcl providing a plu-rality-ofi pads at the 
'"' ,lr '' 'v* outer 'fac r e r of said multi-layer carrier and im. 
* : ' adapted 'to' serve a^outlets'on^a' metalized f 
boardl ::5 " 5 ."-^V ; " ,u 'V-v J ; . T 

'60 '■ ; 4; 1 The rnethBd "in accordance ?;witn claim -'i: 
, ' or'claim 2 or clairn 3) including' the steps of -i 

'forming a' plurality 'oflands on 'the' layer 
1 adapted for receiving 'chips and effecting short i 
■ 'We bonding- be^wee^n' respective 'ehrps ' 
65 through said lands. 



.,,5. The method in accordance with any of 
claims ,1 to 4, including'the step of seating an 
interior. cavity of said, carrier which receives 
said chip.and wherein said chip is mounted. 
- 6.. n The -method in accordance with any of 
claims 1 to 5, including the^step of disposing 
said, wire connectiqns between the chip and 
the metalized path's. ; of said layersjn alternat- 
* ing; multii-ieyel connectionsx between said chip 
75 and layers to not less than two alternating 
■■'V/ layers of said mu!tj-!ayer chjp carrier. 
M j 7; A mufti-layer cerarnic package, compris- 
; : ingja piuraiity of spaced apartlarnipants jn-. 
■;»;-..' <cluding»an intermediate level laminantj 
? 80 ad a pled to receive a crAip^rray, ;! at least one 
:^ : -chipi disposed on. said intermediate level lami- 
j(.< 1 nanoconductiye. ■patterns on respective ones 
-cot said ilaminants, selected ones, of said con- 
' reductive patterns having wire, bonds, .metalized 
85 conductivie. means intergorinecting the conduc- 
i".'uitive patterns on. the respective mglti-layered 
.-Haminants, and :w,i re .connections maintaining 
r -r. . not less thatf a. predetermined spacing of said 
>i:i; - wire bonds. respectively by, extending between 
)-90 said chip^at orte end and to, alternating levels 
^. . .of iaminants at the other , end-iq ^.provide 
f:-. -.electrical- connections. fnom the,chip o to said 
i'f»:conductiv« patterns,, \, .u<;- 1 * 
! 8: ? A muJitj-layer ceramic package ir? ( accor- 
1 m95 dance iwith ^lafm^vtwherein sajd predeter- j 
i..Hn:mined spacing is. 1 0 mjl. .- } 1 ( «, * . ; 
(fin 'i\ iQ j.r.The, muJti-lay2r, ceramic, package in ac- ^ 
-it-ii ' cdrdance-with da iini ;7 jcja.im,^; .wherein the 
i ! t.Qorflductive. means comprises metalized-.fil led ; 
1 00 opertingsriforming opriductiv^ paths ; between 
t il; : the conductiye patterns on respective sides of 
. f ;* ' o . selective; oh es , of .the lanj>inants,.;for ; ming the 

. . ceramic package,, t and ; edge-formed , metalized 
. i > . v conductive, paths 'interconnecting the ;Conduc- 
1 05.!tive- patterns iO.n^other of ( the multi-layer ce- 
bt: , TamieJaminants^.vyKere^c^mppsite conduc- 
r. ■ tttive patterns of said^aminants ( are^connected 
r^i^ij.together.and to saj^jchipp. / 
..ViNui^Tl-Oi-hTheim.uljM.a^er^cerar^ic package in 
1;tO;:aecoT;dance with any ofjcfaims 7.19,9, includ- 
. h-o angimaana^orming. lands at ^he^yel of the 
; i j_ ceramici package^her.ejn.a chjp : array is dis- 
> w^:ipoaed, and.-shatt, wire. bond. connections to the 
land providing a conductor networ^ between 
1-:1r5vthe chips. Qf.th.e.chip^rfayr.sai'd^multi-layer 
! 1; ; .ceramic, package ,bjeipg .adapted, for high com- 
-,.y it jponent density. VVI , t i\^-.^\ 

r r .. :< . -1.1. , J\\e mutti-rlayer, ceramic,. package m 
r d: accprdance with. any. of ( piai'rns M 7, ( tp 10 ; . in- 
^1-20 eluding .means' forming an, internal cavity of 
. , said package, the jnterrne^.ipt'e.JeyBl laminant 
01.",! j . i n eludes _ i n tern a 1 1 c'ayltyj l t ands _ fa^/j'?) ^^^'^^ 
. *.f . inter-connecting the chip. t) . !i ti 
. ,r 12. i The.multj 7 layer fi era,mi^,package in 
1 25 .accordance with any or, c|a|ms ,7 ',to 1 1, 

;■ wherein, said laminantsVare farmed ( as com- 
-1 pacted ceramic parole, layers, and subse- 
.. )tj .quently fired to^develop. bonded inter-layer 
v ' : connections between confronting surfaces of 
1 30 the respective ceramic laminants. 
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13. The multi-layer ceramic package in ' 
Vr^CQorda nee with any of claims ,7 to 12, in- sftv*>i -j . ... 

eluding a high component density chip array, 
an internal cavity for receiving said high com- 
5 ponent density chip arrays means -forming-.an^ q V\y^ } ~ t Q?\ ■ ■ ■*: 
interconnected relation of saidchips and wire 
bonds from said interconnected chip array to 
. ~ . alternating levels of conductive patterns on t 

"'•' : '\the respective multi-level ceramicMamihants to ' "'' ■■ 

10 form a multi-layer ceramic framing for said 

multi-layer ceramic package. : ; ;f 

14. A method of producing a multi-layer 
chip carrier substantially as hereinbefore de- 
scribed with reference to the accompanying 

15 drawings. m- •„* . • . 1 , • v «. " * v.. 

1 5. A multi-layer ceramie ? package sub- 
stantially as hereinbefore described with refer- : , . j: >( : . v : r , 
ence to the accorhpanyin~d l dr i awings. ! . i\\ . 
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